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Abstract

Objective

Previous studies found inconsistent results on the relationship between diabetes mellitus

and concentrations of omentin-1. This study performed a systematic review and meta-anal-

ysis to summarize previous findings on this relationship.

Methods

Studies related to this outcome were obtained using a systematic search in the electronic

databases of Cochrane Library, PubMed, Embase, SCOPUS, Google Scholar, gray litera-

ture and Web of Science in September 2019. The random effects model was used to mea-

sure the strength of the association between diabetes mellitus and concentrations of

omentin-1, using standardized mean difference.

Results

Forty-two eligible studies were included in the final meta-analysis. There was no significant

difference in omentin-1 concentration between patients with type 1 diabetes mellitus and the

controls. On the other hand, lower concentration levels of omentin-1 were observed in

patients with gestational diabetes mellitus (standardized mean difference:-0.44, 95% confi-

dence interval:-0.76; -0.12, p = 0.007), or type 2 diabetes mellitus (standardized mean differ-

ence: -1.74, 95% confidence interval: -2.31; -1.16, p< 0.001) than in the controls.

Conclusion

Decreased omentin-1 concentrations may be an important indicator for gestational diabetes

mellitus and type 2 diabetes mellitus. More studies are needed to validate this hypothesis

and evaluate the role of omentin-1 concentrations in type 1 diabetes mellitus.
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Introduction

Diabetes mellitus (DM) is characterized by a set of metabolic disorders which are related to

high blood sugar levels over a lengthy interval of time and may cause many complications [1].

DM is classified into three types: gestational diabetes mellitus (GDM), type 1 diabetes mellitus

(T1DM), and type 2 diabetes mellitus (T2DM) [2, 3]. The development of DM has been a

prominent global public health issue [4]. However, it has been observed that the etiology of

DM is complex, in the sense that it is influenced by numerous genetic, life-styles, psychosocial,

and other environmental factors [5].

Recently, many adipocyte-secreted proteins as well as adipokines have been introduced as

novel links to DM [6]. It is widely accepted that the adipokines participate in many metabolic

processes, including energy expenditure, appetite control, insulin sensitivity, and regulation of

adipogenesis [7, 8].

Omentin-1, an important adipokine, is secreted from the visceral fat adipose tissue [9]. Evi-

dence has shown that, compared to subcutaneous obesity, Omentin-1 is more influential in

the prognosis of DM. As regards its development, Omentin-1 is made by vascular cells of vis-

ceral fat adipose tissue, when it exerts its actions in the manner as endocrine, paracrine, and

autocrine [10]. It is well known that there are direct and indirect hypothetical mechanisms

that play an important role in it. Moreover, these hypothetical mechanisms suggest that altered

omentin-1 secretion might changes into glucose homoeostasis, and subsequently contribute to

the development of diabetes [11].

Overall, a substantial number of recent studies on the association between concentrations

of omentin-1 and DM found contradictory results. For example, concentrations of omentin-1

were lowered in patients with DM in many clinical studies [12]. However, other studies find

that DM had higher concentration levels of omentin-1 than controls [13]. Although a previous

meta-analysis analyzed the relationship between concentrations ometin-1 and diabetes melli-

tus, that study focused only on T1DM and T2DM, and included only 28 articles. Therefore, it

was necessary to conduct a more comprehensive systematic review and meta-analysis of this

relationship [14]. Accordingly, the aim of this study was to use systematic review and meta-

analysis methods to synthesize research results related to the association between omentin-1

concentrations and DM, and to measure the significance of this association.

Methods

Ethics Statement: All analyses were based on previous published studies; thus, no ethical

approval and patient consent are required.

This systematic review and meta-analysis was performed following the guidelines as out-

lined in the Cochrane handbook version 5.1.0, and results were presented with respect to the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist

[15]. Meanwhile, the study is registered with International Prospective Register of Systematic

Reviews PROSPERO (CRD42019126305).

Criteria for selecting studies

Studies were included in this meta-analysis only if they met the following selection criteria: (1)

case-control or cross sectional studies; (2) studies reported the DM diagnostic criteria; (3)

studies reported mean and standard deviation (SD) of the concentrations of omentin-1 (alter-

natively author or authors of studies could provide these values upon request); (4) studies were

peer-reviewed publications; and (5) studies were published in English before September 2019

in the specified electronic databases. The exclusion criteria were (1) studies were review articles

or case reports; (2) studies studied DM in the occurrence of other metabolic diseases; (3)
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studies indicated that omentin-1 was pharmacologically challenged before it was measured;

and (4) studies did not study humans.

Two authors [KA and AK] independently assessed the study articles for eligibility. If there

were any discrepancies between them, the final decision was arrived at by discussion with the

third author [SW].

Literature search

Keywords related to the topic of this study were used to search relevant research articles in the

following electronic bibliographic databases: Cochrane Library, PubMed, Embase, SCOPUS,

Google Scholar, gray literature and Web of Science. All different possible combinations of the

keywords for diabetes mellitus and omentin-1 in the title or abstract field were considered in

the search strategy. Detailed search strategies are described in the S1 Table. For example, in

Embase database, the search was run as follows: (’diabetes mellitus’:ab,ti OR ’diabetes’:ab,ti OR

’mellitus’:ab,ti OR ’diabetic’:ab,ti OR ’diabete’:ab,ti OR ’glycuresis’:ab,ti OR ’diabetics’:ab,ti OR

’type 2 diabetes’:ab,ti OR ’t2d’:ab,ti OR ’type 2 diabetes mellitus’:ab,ti OR ’t2dm’:ab,ti OR ’insu-

lin-dependent diabetes mellitus’:ab,ti OR ’iddm’:ab,ti OR ’juvenile diabetes’:ab,ti OR ’non

insulin-dependent diabetes mellitus’:ab,ti OR ’niddm’:ab,ti OR ’adult-onset diabetes’:ab,ti OR

’type 1 diabetes’:ab,ti OR ’t1d’:ab,ti OR ’type 1 diabetes mellitus’:ab,ti OR ’t1dm’:ab,ti OR ’ges-

tational diabetes’:ab,ti OR ’gestational diabetes mellitus’:ab,ti OR ’gdm’:ab,ti) AND (’omentin’:

ab,ti OR ’itln1 protein’:ab,ti OR ’intelectin’:ab,ti OR ’omentin-1’:ab,ti OR ’intelectin-1’:ab,ti).

Initially, titles and abstracts of the study articles retrieved from the databases were assessed

against the study inclusion criteria. Thus, two authors [KA and AK] independently made this

assessment to identify potentially relevant study articles for the full-text review. The third

author [AL] helped to resolve any discrepancies between KA and AK on their choices of

potentially relevant studies. Again, two reviewers [XP and KA] independently conducted the

full-text review as appropriate and identified the final set of eligible articles for this systematic

review and meta-analysis. Fig 1 shows the search and screening process.

Extraction of relevant data

Data were extracted according to a predesigned data extraction form depicting data related to

the following variables: (1) first author’s last name and publication year; (2) study design and

study country; (3) characteristics of the sample such as DM type, and mean concentration of

omentin-1 and its standard deviation (mean, SD); (4) characteristics of the sample such as

Body Mass Index (BMI), mean age and its SD, and gender; and (5) collection of omentin-1

samples and assay methods, and storage temperatures. EpiData 3.0 was used to organize these

specified data.

Study quality assessment

Quality of studies was assessed by the Newcastle-Ottawa Scale (NOS) [16]. It is a nine-star rat-

ing system designed for non-randomized studies, which contains three domains and eight

items. The three domains consist of the following broad perspectives: (1) Selection; (2) Com-

parability; and (3) Outcome. Based on the range of scores, 7–9, 4–6, and 0–3, studies are

graded as high, moderate, and low quality, respectively. This assessment was done in this study

to determine the strength of scientific evidence.
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Statistical analysis

First, meta-analyses of the association between omentin-1 concentrations and DM were per-

formed, while taking all the specified variables into account, by comparing these concentra-

tions between patients with DM and the controls. Basically, the standardized mean difference

(SMD) was used to assess the effect size of the concentrations on DM, simply because the

included studies varied in their methodologies when measuring concentrations of omentin-1.

In this regard, the SMD was calculated as Cohen’s d [17]. Heterogeneity among the eligible

studies was assessed using the I2 statistic, which was validated by the H value and its 95%CI

[18]. The H value of 1 indicates no heterogeneity, >1.5 indicates heterogeneity, <1.2 indicates

homogeneity, and when H is between 1.2 and 1.5 such that the corresponding 95% CI does

not contain 1, then there is heterogeneity. Considering the I2 statistic, the values of 75%, 50%,

and 25%, represent statistically high, moderate, and low degrees of heterogeneity [19]. Further-

more, subgroup analyses were performed to see if some characteristics related to the eligible

studies could explain sources of heterogeneity. The model used to synthesize the related data

for this study was the random effects model, which suited well considering the varying popula-

tions and criteria for defining outcomes across the eligible studies [20]. Also, in order to see if

the stability of the results of this study could be affected by a study or cluster of studies with a

common set of characteristics, sensitivity analysis was conducted. In this analysis the meta-

analysis was repeated every time each study was omitted in turn. Publication bias, which may

exist when selecting studies for systematic reviews, was assessed using symmetry of funnel

Fig 1. Flowchart of study selection. Showing the process by which relevant studies were retrieved from the databases,

assessed, and selected, or excluded. Preferred reporting items for systematic reviews and meta-analyses (PRISMA)

diagram for study search.

https://doi.org/10.1371/journal.pone.0226292.g001
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plots for at least 10 studies which reported primary outcomes. The significance of the publica-

tion bias was ascertained using Egger’s linear regression test [21]. All meta-analyses were per-

formed by the ‘meta’ and ‘metafor’ package in R software (version R 3.4.2). The statistical

significance in all the statistical tests was set at the 5% level, and all the statistical tests were

two-sided.

Results

Literature search

Fig 1 illustrates flow chart of the study selection process. A total of 1,617 articles were identified

from the six databases as follows: 196 from PubMed, 275 from Embase, 288 from Web of Sci-

ence, 629 from Google Scholar, 32 from Cochrane Library and 197 from SCOPUS. Of the

1,617 articles, the abstracts of the 1,456 articles went through further assessment, which

resulted in exclusion of 1,167 studies for not meeting the inclusion criteria. The full text of the

remaining 289 articles were reviewed and this resulted in the exclusion of 178 articles for hav-

ing irrelevant topics, 29 for not assessing omentin-1, 7 for being review articles, 15 for not

comparing patients and controls, and 9 for not reporting results for controls. At last, 51 articles

satisfied the inclusion criteria for systematic review and 42 articles satisfied the inclusion crite-

ria for meta-analysis, hence were used for this study.

Characteristics of eligible studies

Table 1 presents the general characteristics of the 51 eligible studies. All these eligible studies

were published between 2008 and 2019. Forty-two studies analyzed omentin-1 concentrations

using serum samples and nine studies analyzed omentin-1 concentrations using plasma sam-

ples. Nine of the studies were conducted in Egypt, six in Poland, six in China, five in Turkey,

and three in Germany. There were two studies from each of the following countries: India,

Iran, Italy, Jordan and Czech Republic. Also, there was one study from each of the following

countries: Australia, Austria, Canada, Croatia, Denmark, Greece, Japan, Korea, Netherlands,

Spain and Thailand, respective. For different types of DM, 6 studies studied GDM, 3 studies

studied Prediabetics, 6 studies studied T1DM, and 36 studies studied T2DM. Conflicting

results were notable among the eligible studies. For example, 6 studies showed that people

with diabetes had significantly higher omentin-1 concentrations than the controls, 30 studies

showed that people with diabetes had significantly lower omentin-1 concentrations than the

controls, and 6 studies showed that there was no significant difference in omentin-1 concen-

trations between diabetes patients and the controls. In addition, other studies showed that

intervention measures such as diet plus metformin could reduce omentum protein levels in

patients with T2DM. Table 2 presents the attributes of the 42 eligible studies for meta-analysis.

Altogether, these studies compared omentin-1 concentrations between 2,199 T2DM patients

and 2,043 controls; 406 T1DM patients and 357 controls; and 256 GDM patients and 312 con-

trols. The NOS scores of these studies varied between 5 and 8, with 26 studies graded as high

quality and 16 as moderate quality. Detailed study quality assessments are described in S4

Table.

Overall comparison

Referring to the 6 studies that compared omentin-1 concentrations between 406 T1DM

patients and 357 controls (Fig 2A), the concentrations were not significantly different between

T1DM patients and controls, whereas for the 32 studies that compared omentin-1 concentra-

tions between 2,199 T2DM patients and 2,043 controls (Fig 2B), omentin-1 concentrations

Meta-analysis: Omentin-1 in diabetes
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Table 1. Characteristics of the studies included for the omentin-1 concentrations in diabetes mellitus.

Study Material Country Type Outcome

Abd-elbaky 2015 Serum Egypt T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Abdelraoufkorany 2018 Serum Egypt T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Abell 2017 Serum Australia GDM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Ahmed 2018 Serum Egypt T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Akbarzadeh 2012 Plasma Iran T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Akour 2016 Serum Jordan T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Cai 2008 Serum China T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Dayem 2015 Serum Egypt T1DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

El-mesallamy 2011 Serum Egypt T2DM There was no significant difference in Omentin1 level between diabetic patients and control

group.

Elsaid 2018 Serum Egypt T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Franz 2018 Plasma Austria GDM There was no significant difference in Omentin1 level between diabetic patients and control

group.

Greulich 2013 Plasma Netherlands T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Hayashi 2018 Serum Japan T2DM Higher level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Herder 2017 Serum Germany T2DM Higher level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Kahwaji 2017 Serum Jordan T2DM There were no significant differences in omentin levels between subjects with GDM and

controls

Kocijancic 2015 Serum Croatia T2DM There were no significant differences in omentin levels between subjects with GDM and

controls

Lewandowski 2010 Serum Poland GDM There were no significant differences in omentin levels between subjects with GDM and

controls

Madsen 2015 Serum Denmark T2DM Higher level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Mierzyński 2018 Serum Poland GDM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Motawi 2017 Serum Egypt T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Nurten 2018 Serum Germany T1DM Higher level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Pan 2010 Serum China T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Polkowska 2016 Serum Poland T1DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Tan 2008 Plasma Poland T1DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Tekce 2014 Serum Turkey T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Tsiotra 2018 Serum Greece GDM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Urbanova 2014 Serum Czech T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

(Continued)

Meta-analysis: Omentin-1 in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0226292 December 10, 2019 6 / 17

https://doi.org/10.1371/journal.pone.0226292


were significantly decreased in the T2DM patients than in the controls (SMD = -1.74, 95% CI:

-2.31; -1.16, p<0.001). Moreover, for the 7 studies that compared omentin-1 concentrations

between 256 GDM patients and 312 controls (Fig 2C), results indicated that omentin-1

Table 1. (Continued)

Study Material Country Type Outcome

Wan 2015 Serum China T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Yan 2011A Serum China T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Yan 2011B Plasma China T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Yoo 2011 Serum Korea T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Zhang 2014 Serum China T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Abd El Dayem 2015 Serum Egypt T1DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Nassif 2013 Serum Egypt T2DM There was no significant difference in Omentin1 level between diabetic patients and control

group.

Matloch 2018 Serum Czech T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Gürsoy 2010 Plasma Turkey T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Flehmig 2014 Serum Germany T2DM Higher level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Dogan 2016 Serum Turkey T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Komosinska-vassev

2019

Plasma Poland T2DM Higher level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Rathwa 2019 Plasma India T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Tuttolomondo 2019 Serum Italy T2DM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Souvannavong-vilivong

2019

Serum Thailand GDM Lower level of omentin-1 was observed in patients with diabetes mellitus than in the

controls

Aminilari 2017 Serum Canada T2DM Combined exercise was efficient in increasing serum omentin-1 among women with T2DM

Arman 2017 Serum Turkey T2DM In type 2 diabetes mellitus patients using insulin there was a significant decrease in

Omentin-1 levels compared with the initial results

Arslan 2017 Serum Turkey T2DM Diet plus metformin treatment decreased the omentin levels in type 2 diabetes patients

Biscetti 2019 Serum Italy T2DM Omentin-1 is reduced in type 2 diabetic patients with peripheral artery disease and that

omentin-1 levels are related to disease severity.

Esteghamati 2013 Serum Iran T2DM After three months, metformin decreased omentin concentrations in T2DM

Kaushik 2018 Plasma India Prediabetic Concentration of plasma omentin-1 decreased and insulin resistance increased in obese

prediabetics compared to obese normoglycaemics and healthy controls.

Moreno-navarrete 2011 Serum Spain Impaired glucose

tolerance

Concentration of omentin-1 decreased in impaired glucose tolerance.

Sperling 2016 Serum Poland Impaired glucose

tolerance

Concentration of omentin-1 decreased in impaired glucose tolerance.

Lesná 2015 Serum Czech

Republic

T1DM Omentin-1 plasma levels significantly increased during the weight reduction programme.

Characteristics of eligible studies are shown in each independent case. T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; GDM, gestational diabetes

mellitus.

https://doi.org/10.1371/journal.pone.0226292.t001
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Table 2. Characteristics of the studies included for the meta-analysis of omentin-1 concentrations in diabetes mellitus.

Study Study design Male, n(%) BMI Mean Age Type Methods Frozen NOS

Abd-elbaky 2015 Case-control 80(100%) 32.4±1.4 42.0±3.0 T2DM ELISA −80 7

Abdelraoufkorany 2018 Case-control 12(48%) 26.6±2.9 56.5±7.2 T2DM ELISA NR 6

Abell 2017 Case-control 25(0%) 28.0±2.6 32.7±3.3 GDM ELISA −80 7

Ahmed 2018 Case-control 40(100%) 28.8±6.8 57.6±15.6 T2DM ELISA −20 8

Akbarzadeh 2012 Case-control 41(46%) 27.6±4.3 40.5±9.6 T2DM ELISA −70 7

Akour 2016 Case-control 68(66%) 33.3±3.0 51.0±4.8 T2DM ELISA −80 8

Cai 2008 Case-control 35(51%) 28.5±2.7 48.8±11.7 T2DM ELISA −80 8

Dayem 2015 Case-control 62(100%) 24.9±4.2 16.3±1.5 T1DM ELISA NR 6

El-mesallamy 2011 Case-control 35(66%) 29.0±0.8 58.0±1.0 T2DM ELISA −80 7

Elsaid 2018 Case-control 60(0%) 39.4±7.0 49.5±6.0 T2DM ELISA −20 8

Franz 2018 Case-control 96(0%) 28.0±6.6 34.1±7.4 GDM ELISA −80 9

Greulich 2013 Case-control 78(100%) 28.9±1.1 71.9±2.4 T2DM ELISA −80 7

Hayashi 2018 Case-control 246(58%) 25.0±2.2 65.0±5.7 T2DM ELISA NR 5

Herder 2017 Case-control 34(52%) 27.7±4.0 68.6±4.9 T2DM ELISA NR 6

Kahwaji 2017 Cross sectional 35(34%) 33.5±5.9 51.9±10.9 T2DM ELISA −80 7

Kocijancic 2015 Case-control 57(34%) 25.6±3.7 70.0±3.0 T2DM ELISA NR 6

Lewandowski 2010 Case-control 20(100%) 30.3±3.1 29.7±3.7 GDM ELISA NR 6

Madsen 2015 Case-control 3(30%) 27.6±2.7 56.0±2.0 T2DM ELISA −80 7

Mierzyński 2018 Case-control 63(0%) 24.8±2.5 28.6±5.1 GDM ELISA −70 8

Motawi 2017 Case-control 23(51%) 23.1±1.8 53.7±7.6 T2DM ELISA NR 6

Nurten 2018 Case-control 115(47%) 23.9±9.2 13.0±3.9 T1DM ELISA −80 7

Pan 2010 Case-control 30(55%) 25.9±3.3 39.9±4.8 T2DM ELISA −70 7

Polkowska 2016 Case-control 5(50%) 18.3±5.7 10.4±2.8 T1DM ELISA NR 6

Tan 2008 Case-control 19(100%) 25.1±3.3 30.3±4.9 T1DM ELISA NR 6

Tekce 2014 Case-control 36(66%) 26.1±4.8 55.2±8.9 T2DM ELISA −80 8

Tsiotra 2018 Case-control 15(100%) 36.0±1.5 36.1±1.2 GDM ELISA −80 7

Urbanova 2014 Case-control 11(0%) 52.6±2.6 56.9±2.8 T2DM ELISA −80 6

Wan 2015 Case-control 60(100%) 23.8±3.0 58.7±9.0 T2DM ELISA −80 7

Yan 2011A Case-control 18(51%) 24.3±0.6 55.5±1.7 T2DM ELISA −70 7

Yan 2011B Case-control 13(43%) 24.4±3.3 53.1±7.7 T2DM ELISA −80 7

Yoo 2011 Case-control 10(33%) 23.9±2.3 53.1±6.8 T2DM ELISA −80 7

Zhang 2014 Case-control 20(57%) 32.4±5.5 65.1±10.7 T2DM ELISA −80 8

Abd El Dayem 2015 Case-control 31(50%) 24.9±4.2 16.3±1.5 T1DM ELISA NR 7

Nassif 2013 Case-control 19(87%) 24.3±0.3 48.9±1.5 T2DM ELISA −80 5

Matloch 2018 Case-control 7(78%) 30.4±3.59 67.0±8.76 T2DM ELISA −80 5

Gürsoy 2010 Case-control 0(0%) 30.5±4.8 52.8±10.7 T2DM ELISA −75 6

Flehmig 2014 Cross sectional 34(50%) 46.9±10.1 53.0±13.0 T2DM ELISA NR 7

Dogan 2016 Case-control 7(47%) 22.8±1.9 48.3±6.1 T2DM ELISA −80 5

Komosinska-vassev 2019 Case-control 23(55%) 33.1±4.1 61.0±5.6 T2DM ELISA −20 7

Rathwa 2019 Case-control 123(49%) 28.2±5.0 55.9±10.5 T2DM ELISA −20 7

Tuttolomondo 2019 Case-control 23(57%) 29.4±5.5 61.4±11.4 T2DM ELISA −80 6

Souvannavong-vilivong 2019 Case-control 0(0%) 29.0±5.0 38.2±1.3 GDM ELISA −70 6

Characteristics of eligible studies are shown in each independent case. NOS, Newcastle-Ottawa Scale; BMI, Body Mass Index; ELISA, enzyme linked immunosorbent

assay; NR, not report; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; GDM, gestational diabetes mellitus.

https://doi.org/10.1371/journal.pone.0226292.t002
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concentrations were significantly decreased in GDM patients, when compared with the con-

trols (SMD = -0.44, 95% CI: -0.76; -0.12, p = 0.007), but the heterogeneity was moderate (I2 =

63.20%).

Subgroup analyses

Subgroup analyses results are presented in Table 3. Lower omentin-1 concentrations were

observed in the GDM patients, unlike in the controls (SMD = -0.36, 95% CI: -0.67; -0.05,

p = 0.022) for studies on patients with BMI of less than 30, and moderate heterogeneity was

detected (I2 = 61.40%). Focusing on the serum omentin-1 concentrations, it was found that

omentin-1 concentrations significantly decreased in the GDM patients than in the controls

(SMD = -0.54, 95% CI: -0.85; -0.23, p<0.001), with lower heterogeneity (I2 = 43.20%).

Fig 2. Forest plot of gestational diabetes mellitus (a), type 1 diabetes mellitus (b) and type 2 diabetes mellitus (c).

Study effect sizes of omentin-1 concentration differences between diabetes mellitus and controls. Each data marker

represents a study, and the size of the data marker is proportional to the total number of individuals in that study. The

summary effect size for each omentin-1 concentration is denoted by a diamond. T1DM, type 1 diabetes mellitus;

T2DM, type 2 diabetes mellitus; GDM, gestational diabetes mellitus; SMD, standardized mean difference.

https://doi.org/10.1371/journal.pone.0226292.g002
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Similarly, lower omentin-1 concentrations were observed in the GDM patients, unlike in the

controls (SMD = -0.47, 95% CI: -0.73; -0.21, p<0.001) for studies on patients aged less than 34

years, and no heterogeneity was detected (I2 = 0%).

Furthermore, significantly lower serum omentin-1 concentrations were observed in the

T2DM patients than controls (SMD = -1.87, 95% CI: -2.56; -1.18, p<0.001), and significantly

lower plasma omentin-1 concentrations were observed in the T2DM patients than controls

(SMD = -1.20, 95% CI: -1.95; -0.45, p = 0.002). Additionally, significantly lower omentin-1

concentrations were observed in T2DM patients than controls (SMD = -2.02, 95% CI: -2.55;

-1.49, p<0.001), when samples were stored and transported refrigerated.

It was also found that different sample types did not change the results in serum. Appar-

ently, due to the small number of studies on plasma samples, subgroup analysis in GDM and

T1DM was not possible to be performed. However, in GDM, part of the heterogeneity could

be explained, which might suggest that although omentin-1 concentrations had a downward

trend in both serum and plasma, the degree might be different.

Table 3. Subgroup analysess of gestational diabetes mellitus, type 1 diabetes mellitus and type 2 diabetes mellitus.

Number of studies SMD (95% CI) Z P value Heterogeneity

H(95%CI) τ2 I2

GDM

All 7 -0.4395 [-0.7567; -0.1223] -2.72 0.0066 1.65 [1.09; 2.48] 0.10 63.20%

Material

Serum 6 -0.5386 [-0.8489; -0.2283] -3.40 0.0007 1.33 [1.00; 2.11] 0.06 43.20%

BMI

�30 4 -0.3617 [-0.6709; -0.0525] -2.29 0.0218 1.61 [1.00; 2.78] 0.06 61.40%

>30 3 -0.8041 [-1.8345; 0.2263] -1.53 0.1261 1.98 [1.08; 3.61] 0.60 74.40%

Mean Age

�34 3 -0.4740 [-0.7327; -0.2153] -3.59 0.0003 1.00 0.00 0.00%

>34 4 -0.5216 [-1.1268; 0.0837] -1.69 0.0912 2.02 [1.22; 3.36] 0.25 75.60%

T1DM

All 6 -0.9702 [-1.9816; 0.0411] -1.88 0.0601 5.46 [4.32; 6.89] 1.51 96.60%

Material

Serum 5 -0.6581 [-1.6847; 0.3686] -1.26 0.2090 5.47 [4.22; 7.09] 1.31 96.70%

T2DM

All 32 -1.7352 [-2.3094; -1.1609] -5.92 < 0.0001 7.46 [6.90; 8.06] 2.64 98.20%

Material

Serum 26 -1.8684 [-2.5560; -1.1809] -5.33 < 0.0001 7.65 [7.03; 8.33] 3.09 98.30%

Plasma 6 -1.1994 [-1.9451; -0.4536] -3.15 0.0016 4.64 [3.59; 6.01] 0.81 95.40%

BMI

�30 20 -1.2941 [-1.9482; -0.6400] -3.88 0.0001 7.33 [6.63; 8.10] 2.14 98.10%

>30 12 -2.3573 [-3.4000; -1.3145] -4.43 < 0.0001 6.87 [6.03; 7.84] 3.55 97.90%

Frozen

Yes 26 -2.0223 [-2.5496; -1.4949] -7.52 < 0.0001 5.37 [4.83; 5.97] 1.77 96.50%

No 6 -0.4244 [-1.3280; 0.4792] -0.92 0.3573 6.80 [5.55; 8.33] 1.22 97.80%

Subgroup analyses were performed to compare the concentration of each omentin-1 between the DM and the controls. Heterogeneity was quantified using I2. SMD,

standardized mean difference; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; GDM, gestational diabetes mellitus.

https://doi.org/10.1371/journal.pone.0226292.t003

Meta-analysis: Omentin-1 in diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0226292 December 10, 2019 10 / 17

https://doi.org/10.1371/journal.pone.0226292.t003
https://doi.org/10.1371/journal.pone.0226292


Sensitivity and bias analysis

In sensitivity analysis, it was observed that any single study or cluster of studies with some

common attributes had minimal influence on the SMD and corresponding 95% CI. Also, the

total number of studies reporting omentin-1 concentrations for GDM and T1DM was less

than 10 for each comparison, thus publication bias was not reported for these groups.

Although it was hard to observe asymmetry in the shape of the funnel plot for T2DM, the

Egger’s test was significant (p<0.001), implying that there may be publication bias for this

comparison.

Discussion

Omentin-1 concentrations were lower in T2DM and GDM subjects unlike in the controls.

However, there was remarkably high heterogeneity. Also, there was a strong possibility of pub-

lication bias. This was not a surprise given the large variations in the study populations and

regions [17]. Thus, caution should be taken when interpreting these results. Nonetheless, these

data are consistent with the hypothesis that dyssecretosis of the omentin-1 has a relationship

with the pathophysiology of T2DM and GDM.

No difference in omentin-1 concentrations was found between T1DM patients and con-

trols. However, the number of patients with TIDM was the smallest among the three sub-

groups of DM. As a result, there is need for further investigations to ascertain this association

in T1DM. Up to now, a number of factors have been proposed to cause metabolic disorder in

DM patients, including β-cell dysfunction, insulin resistance, and bodyweight gain, or a com-

bination of these [22]. While T1DM is common in children and young people, and is related

to an autoimmune process destroying pancreatic beta cells, T2DM and GDM have been

shown to be associated with obesity and endocrine activity of adipose tissue [2, 23]. Omentin-

1 may be essential in maintaining energy balance during pathogenesis of insulin resistance and

T2DM even if the mechanisms are not fully understood [24]. Findings of previous experimen-

tal and clinical studies were in consistent with the hypothesis that the omentin-1 concentra-

tions affect the pathophysiology of diabetes.

As regards direct hypothetical mechanisms shown in Fig 3 (drawn by the KA), omentin-1

modulates the insulin sensitivity and secretion and this affects organs such as adipose, muscle,

brain, liver, and other tissues (Fig 3A and Fig 3B). Likewise, some experimental studies have

revealed that omentin-1 stimulates insulin receptor substrate (IRS) by restraining the rapami-

cin (mTOR-p70S6K), which subsequently is a result of Adenosine 5-monophosphate (AMP)-

activated protein kinase (AMPK) activation [25]. Also, omentin-1 up regulates adiponectin

gene expression and Zinc-alpha2-glycoprotein (ZAG) mRNA expression, which may directly

stimulate lipolysis through interaction with AMPK [26]. For instance, omentin-1 can enhance

the effect of insulin by increasing glucose uptake by visceral fat adipose tissue in vitro via Akt

signaling, mediated by insulin [27]. Fig 3C shows the hypothesis mechanism process. Further-

more, it is well known that indirect hypothetical mechanisms are mainly related to omentin-1,

which is influential in adipose tissue accumulation, inflammation, and adverse distribution of

fat. These then contribute to affect glucose metabolism. For example, preclinical evidence has

shown that omentin-1 decreased in hyperglycemia subjects, and was inversely associated with

chronic inflammation [28].

Interestingly, it was noted that several studies have reported the effects of clinical interven-

tions on omentin-1 concentrations in diabetic patients. For instance, Aminilari et al found

that exercising can increase the serum omentin-1 concentration of T2DM [29], while in other

studies, metformin treatment intervention could reduce the serum omentin-1 concentration

of T2DM [30, 31]. This seems to suggest that aerobic exercises could be used to improve levels
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of omentin-1 in diabetic patients, whereas drug interventions have had an inhibitory effect.

Meanwhile, it was noticed that some studies reported that concentrations of omentin-1

decreased in pre-diabetes[32]. The possible explanation for this phenomenon is that, as omen-

tin-1 could increases insulin sensitivity, its decrease may be the cause of impaired glucose

homeostasis in prediabetic patients [33].

For example, experimental studies indicated that omentin-1 could regulate lipid metabo-

lism and balancing of energy presumably through activation of AMPK pathways in cell models

[25]. It is well known that AMPK plays a major role as an energy sensor in regulating energy

balance. It produces energy by glucose uptake and activates energy metabolism. It is now

widely accepted that AMPK inhibits other metabolic process that consume energy through

protein synthesis gluconeogenesis, and lipogenesis mechanisms [34]. In addition, the omen-

tin-1 was found to increase insulin induction of Akt/PKB phosphorylation in isolated adipo-

cytes and to enhance glucose uptake [35]. On the other hand, in clinical studies, circulating

omentin-1 concentrations were decreased in people with obesity/diabetes. In obesity, concen-

trations of omentin-1 were decreased in plasma and adipose tissue. Besides, omentin-1 con-

centrations were found to be positively correlated with high-density lipoprotein and

adiponectin and, in contrast, they were negatively correlated with body mass index and insulin

resistance [36].

Therefore, it may be suggested that insulin and glucose administration to visceral fat adi-

pose tissue could result in dose-dependent reductions of omentin-1 expression.

This study has made the following improvements on the meta-analysis by As’habi et al.

First, this study used a wide range of databases to retrieve 51 eligible studies, which is an

improvement on the previous meta-analysis, which used only 28 articles. Second, the GDM

subgroup which was not included in the previous meta-analysis was included in this study and

yielded significant results. Finally, unlike in the previous meta-analysis, this study further elab-

orated on the omentin-1 possible mechanism in the pathophysiology of diabetes [14].

Subgroup analyses

Heterogeneity was significantly high in the assessment of concentrations of omentin-1 in rela-

tion to DM, indicating that some unmeasured or unassessed factors might have been responsi-

ble. As regards GDM, results of subgroup analyses showed that patient’s age and BMI

contributed significantly to the heterogeneity, and without significant residual heterogeneity.

Thus, it may be deduced that homogenous groups may be formed by different countries or

regions when exploring the relationship between omentin-1 and GDM [37]. In addition, a

number of studies confirmed that advanced maternal age was a risk factor for GDM [38]. Like-

wise, clinical evidence has shown that women in advanced maternal age were more likely to be

overweight/obese, and lower serum omentin-1 were prevalent in morbidly obese women than

in normal weight women, and its concentration inversely correlated with glucose metabolism

markers [39]. Thus, it might suggest that age-mediated output of omentin-1 in adipose tissue

was affected in GDM. Results of this study also suggest that GDM in women in advanced

maternal age may be related to omentin-1 secretion disorder.

Fig 3. Summarizes the hypothesis mechanism process of omentin-1 on insulin signaling cascade. Fig 3 Schematic

representation of the effects of omentin-1 on insulin signaling cascade that explain positive effects of these adipokines

on glycemic control. Akt: protein kinase b; TNF-α: Tumor Necrosis Factor; AMPK: AMP activated protein-kinase;

ZAG: Zinc-α2-glycoprotein; AS160: Akt substrate of 160 kDa; GLUT: glucose transporter; IRS: insulin receptor

substrate; mTOR: mammalian target of rapamicin; PPAR-γ: peroxisome proliferator-activated receptor; AdipoR1:

Adipo receptor1; PI3K: phosphatidylinositol 3-kinase; RAB-10: Ras-related protein RAB-10. Fig 1 is drawn by the KA,

without any copyright disputes.

https://doi.org/10.1371/journal.pone.0226292.g003
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Additionally, with respect to T2DM, subgroup analyses indicated that neither storing nor

transporting samples in cold storage had a significant impact on the results, which indicated

that the concentration of omentin-1 was unstable in such samples. Therefore, future studies

may need to store and transport serum or plasma samples in cold storage [13].

Study limitations

In spite of this study showing an association between omentin-1 concentrations and some

types of DM, some limitations should be acknowledged. First, there was a small number of eli-

gible studies on the association between T1DM and concentrations of omentin-1, which may

lead to lack of power in this analysis. Second, given high heterogeneity and publication bias

among eligible studies, comparability among studies may have been compromised. Although

some subgroup analyses explained the source of heterogeneity, other factors that could interact

with concentrations of omentin-1, such as physical activity, cigarettes smoking, alcohol con-

sumption, and blood pressure were not taken into account in the original studies. Finally, all

eligible studies used either case control or cross-sectional design, which cannot make causality

inference.

Conclusion

Despite the preceding limitations, this study managed to provide significant evidence to sug-

gest that there is a relationship between omentin-1 concentrations and GDM/T2DM. Specifi-

cally, significantly lower omentin-1 concentrations were observed in people with GDM or

T2DM than in the controls, whereas no difference of the same was found between the T1DM

and controls. Although the exact role of omentin-1 remains to be defined in glucose metabo-

lism and its target tissues; and in receptors and modes of action through which it signals, the

foregoing findings suggest new perspectives in early diagnosis, identification of novel bio-

markers, and providing novel targets for pharmacological interventions.
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